Severe head injury is one of the principal causes of mortality and morbidity in western countries. Annually, between 1 and 1.5 million people suffer severe head injury in the U.S., making it responsible for 60% of trauma-related deaths and the leading cause of neurological sequelae. 13, 16 The study of outcome in head-injured patients has such importance because it allows us to establish prognostic criteria on hospital admission, determine management needs, evaluate therapeutic advances, increase our knowledge of the pathophysiology of traumatic brain injury, and appropriately adapt rehabilitation programs.
demonstrated to be reliable and useful in acute neurological disorders such as cerebral artery obstruction, 3, 15 vasospasms in spontaneous SAH, 1, 39 and the diagnosis of brain death. 12, 33 However, evaluation of its effectiveness in patients with traumatic brain injury 5, 8, 9, 38 and its correlation with ICP and CPP values, 6, 7, [17] [18] [19] 24, 37, 42 to offer better insight into the outcome of these cases, has been performed in few studies.
CLINICAL MATERIAL AND METHODS
Our prospective study took place between 1993 and 1998 at the Hospital Universitario Germans Trias y Pujol in Badalona, Spain, a 600-bed reference center for polytraumatic cases in an area of 700,000 inhabitants. One hundred twenty-five patients, all transfered from the emergency room services or extrahospital emergency services admitted to Intensive Care, were included. Inclusion criteria were severe head injury and a GCS score less than 9, the presence of cranial lesions on CT, and hospitalization for more than 24 hours. Exclusion criteria were an inability to perform TCD ultrasonography due to the impossibility of insonating the MCA, the presence of surgical bandage, or soft tissue hematomas; irregularity in the left ventrical ejection volume (due to, for example, fibrillation or auricular flutter, or frequent ventricular extrasystole); and cardiac frequency greater than 140 beats/minute.
We collected the demographic data on age, sex, and mechanism of injury (motorcycle or automobile accident, fall, or struck by a vehicle).
The qualitative variables studied included the presence of associated lesion (thoracic, abdominal, or large-bone trauma); alterations of the size of pupillary reactivity; the presence of neurological focal injury; convulsions or otorrhagia; shock; CT lesions (various Type II and III lesions, according to the TCDB, and presence of SAH); and neurosurgical intervention.
The quantitative variables included patient age; presence of glycemia; arterial gasometry (pH, PaCO 2 , PaO 2 ), hemoglobin count, severity according to the APACHE II scale; GCS score; ICP measured via an intraparenchymatous catheter (OLM Intracranial Pressure Monitoring Kit, Model 110-4B, Neurocare Group, San Diego, CA); CPP; and the parameters registered using TCD ultrasonography, mean blood flow velocity and PI.
We used a TCD system (Transcranial Doppler EME TC2-64B; Eden Medicinische Elektronik GmbH, Ueberlingen, Germany), insonating the MCA through a temporal window as described by Aaslid and colleagues.
2 Mean blood flow velocity was registered, and the PI was determined according to the Gosling Index (PI = systolic velocity -diastolic velocity/mean velocity). A value of 45 Ϯ 10 cm/second was considered normal mean blood flow velocity, and a normal PI Յ 1.
Transcranial Doppler ultrasonography was performed within the first 24 hours, immediately after hemodynamic and respiratory stabilization. Correlation between TCD values and CPP and ICP was made within the first 24 hours, at the same time as blood flow velocity was measured.
Patients were treated with analgesic, sedative, and, when necessary, muscle relaxant medication and were mechanically ventilated. Minimum hemoglobin count was maintained at 10 g/L; PaCO 2 between 30 and 35 mm Hg; and PaO 2 greater than 90 mm Hg. In the presence of intracranial hypertension, the patient underwent mannitol perfusion and discrete hyperventilation (PaCO 2 26-30 mm Hg). If the ICP proved uncontrollable, barbiturates were administered to induce barbiturate coma. When necessary, vasoactive drugs were given to maintain CPP at greater than 70 mm Hg, once the volemia had been corrected.
Outcome was evaluated at 6 months posttreatment by using the GOS. 20 Scores of 1 (death), 2 (vegetative state) and 3 (severe disability) were considered as "poor" outcome; and GOS scores of 4 (moderate disability), and 5 (complete recovery or correct outcome) were considered as "good" outcomes.
STATISTICAL ANALYSIS
In the bivariate analysis, we used the Student's t-test to compare the mean values of the groups, and the chi-square test to compare ratios or Fisher's exact test when required because of the number of effects being analyzed. Significance was set at p Ͻ 0.05. To evaluate the relation between prognosis and studied variables, we used a logistic regression model, in which we included those variables that were statistically significant in the bivariate analysis. The Hosmer-Lemeshow goodness-of-fit test, in which data obtained in patients whose outcome was observably poor were compared with those that had been predicted, calculating the area under the ROC curve, was used to measure the reliability of the model. Table 1 . Oveall 96 (77%) of 125 patients were men. Brain injury was the result of motorcycle accidents in 37 cases (30 without helmet and 7 with helmet); automobile accidents in 29 cases; falls in 29 cases; being hit by a car in three cases; and other causes in 7 cases.
RESULTS

General characteristics of the patients are presented in
Associated injuries included 26 cases of thoracic, 34 cases of abdominal, and 17 cases of large-bone trauma. The mortality rate at 6 months was 37% (46 patients), with brain death occurring in 89% of them. Table 2 shows the mean values of quantitative variables, and Table 3 shows the qualitative variable results.
In accordance with the GOS score, outcome was defined as good (recovery or moderate disability) or poor (death, vegetative state, or severe disability).
Statistically significant factors in the prediction of outcome at 6 months included: anomalies in pupillary reactivity or size; shock; and Type III lesions (according to the TCDB classification) 28 with compressed or absent cisterns, 0 to 5-mm displacement of the midline, and high-density lesions less than 25 ml in volume. Additionally, the presence of SAH was a statistically significant prognostic factor. Quantitative variable results appear in Table 4 .
Statistically significant variables in predicting outcome at 6 months were: severity index of APACHE II on hospital admission (an APACHE score of 11 predicted good outcome whereas an APACHE score of 16 indicated a poor outcome); depth of coma as reflected by the GCS score (a GCS score of 7.2 predicted good whereas a GCS score of 4.6 predicted a poor outcome); ICP and CPP (mean ICP for good outcome was 15 mm Hg and for poor outcome was 30 mm Hg; CPP indicating good outcome was 71 mm Hg, whereas the value for a poor outcome fell to 55 mm Hg); and mean blood flow velocity and PI (mean blood flow velocity for good outcome was 44 cm/second; 36 cm/second for poor; PI values showed an even better correlation to outcome, with a PI of 1 indicating good outcome and 1.56 indicating poor). In the multivariate analysis, the factors of greatest specific value and those least correlated with the rest of the variables, both quantitatively and qualitatively, were GCS score; pupillary reactivity or size; shock; and PI (Table 5) . Pulsatility index has important specific weight in predicting patient outcome.
Correlation Between TCD Values and ICP and CPP
DISCUSSION
In our study, the overall mortality rate at 6 months was 37% (46 patients). Overall, 54% (67 patients) made good outcome (complete recovery or moderate disability), and poor outcome (death, vegetative state, or severe disability) was demonstrated in 46% (58 patients). These results are similar to those obtained in other reports published on the subject. 25, 29 Several variables age-sex, presence of associated lesion, neurological focal injuries, convulsions, otorrhagia, neurosurgical intervention, arterial gasometry values, or glycemia-were shown to have demonstrated no statistical significance in relation to poor outcome.
Among the extrahospital factors studied, the GCS score showed significant correlation (p Ͻ 0.0001) with patient outcome, as did pupillary size and reactivity (p Ͻ 0.0001) and the presence of hypotension (p Ͻ 0.0004), all of which are already known to be determining factors in outcome after head injury. 10, 21, 40, 41 The absence of basal cisterns and the presence of SAH are well-defined signs of poor prognosis and outcome. 23 In our study we demonstrated the correlation between poor outcome and an increase in ICP in those patients with Type III diffuse lesions; in the 18 patients in whom such a lesion was present, 89% experienced poor outcomes (p Ͻ 0.0001). The presence of SAH was also associated with poor prognosis (p Ͻ 0.03), which is in line with findings in the bibliographic data. 14 Of the hospital-related factors analyzed, we found that the severity of patient's condition in the first 24 hours after admission to the intensive care unit, as demonstrated by the APACHE II score, was statistically significant (p Ͻ 0.0001). This, too, is in accordance with findings published in the literature, 24 although some authors have found no relation between this variable and severe head injury outcome. 11 Among analytical values presented on admission, hemoglobin count is important in determining outcome (p Ͻ 0.001); in our patients with hemoglobin counts less than 10 g/L mortality rate of 60% was observed.
As has been previously reported, 32, 34 high ICP is associated with higher mortality rates, and such was the case in our study. Likewise, low CPP was associated with poor outcome. 35 Intracranial pressure value has important predictive power (p Ͻ 0.0001). The mean ICP in patients experiencing good outcome was 15 mm Hg, whereas in those experiencing a poor outcome it rose to 30 mm Hg. In patients in whom ICP was greater than 40 mm Hg, the mortality rate was 72%, whereas in those in whom ICP was lower than 20 mm Hg, the mortality rate was 24%.
In the study of the TCDB, 27 CPP was shown to have no
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Evaluating the outcome of severe head injury with transcranial Doppler ultrasonography 3 predictive value in the outcome of head-injured patients; however, in more recent studies the investigators have demonstrated the importance of CPP in avoiding ischemic cerebral lesions and improving patient outcome. 31 In our study CPP values were found to be capable of predicting outcome. In patients who made good outcomes a mean CPP value of 71 mm HG was demonstrated, which dropped to 55 mm Hg in patients in whom outcome was poor (p Ͻ 0.0001).
Transcranial Doppler ultrasonography values (blood flow velocity and PI), recognized as important in severe neurological conditions-especially in the diagnosis of vasospasm associated with spontaneous aneursymal SAH and in the determination of brain death-demonstrate a high degree of sensitivity in both uni-and multivariate analyses in predicting the outcome of severely brain injured patients.
Mean MCA blood velocity values showed predictive value only in the univariate analysis. Mean blood velocity, as measured in patients with good outcome, was 44 cm/ second, whereas it was 36 cm/second in those with poor outcome (p Ͻ 0.003). We found poor outcome in 71% of the patients with mean blood velocity less than 30 cm/second, which is a figure similar to that reported by Chan, et al. 9 The PI was statistically significant in both uni-and multivariate analyses. The mean PI predicting good outcome was 1, with 71% of our patients with a PI of less than or equal to 1 making good outcome. The mean PI predicting poor outcome was 1.56, with 83% of those with a PI of greater than or equal to 1.56 suffering poor outcome. In cases in which the PI was equal to or greater than 2.3, the mortality rate was 100%.
We can, therefore, affirm that as is the case with clini-
Evaluating the outcome of severe head injury with transcranial Doppler ultrasonography cal (depth of coma, hypotension), analytical (anemia), and radiological (CT) parameters, as well as those of intracranial monitoring (ICP and CPP), TCD parameters (mean blood flow velocity and PI of MCA), when measured within 24 hours after admission for severe severe head injury, provide reliable insight into the patient outcome; furthermore, measurements are not altered by the effects of patient sedation or relaxation.
The correlation between PI and the ICP and CPP values in our study suggests, but does not prove that TCD ultrasonography evaluation in cases of severe head injury may be a tool in detecting the existence of intracranial hypertension and thus indicate the need for ICP monitoring in some cases of moderate head injury.
CONCLUSIONS
Transcranial Doppler ultrasonography is a bloodless technique that is easily performed at the patient's bedside to determine the mean blood flow velocity and PI values of the MCA, with no alteration caused if the patient has been sedated. The values obtained in our study demonstrate good correlation between ICP and CPP values and predict outcome in cases of severe head injury. Therefore, TCD ultrasonography should be gradually included in the treatment and management of severely head-injured patients. Although more studies are needed before we can substitute direct measurement of the ICP, change in TCD values may urge us to undertake other diagnostic steps that will improve care and treatment of these patients and predict their outcomes.
In addition, TCD ultrasonography allows us to forecast the patient's evolution after admission in a safe, noninvasive manner. Sedation levels do not need to be modified. This as well as clinical, analytical, and CT parameters will help us to improve human and economical resources involved in caring for these patients. 
